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THE RELATIONSHIP BETWEEN PHOTOLINEAMENTS AND DEVONIAN SHALE 
GAS WELL PRODUCTIV ITY;  WITH APPLICATION 

TO TESTING OF DUPONT EL-836 EXPLOSIVE 

by 
A. P. Seskus 1 

ABSTRACT 

An a n a l y s i s  of t h e  r e l a t i o n s h i p  between Devonian Shale gas w e l l  p r o d u c t i v i t y  
7r1 Putnam County, WV and t h e  o r i e n t a t i o n  o f ,  d i s t a n c e  t o ,  and d e n s i t y  of t h e  
nearest  photo l  i neament ( a t  sca les o f  1 :32000 and 1 :86000) was performed u s i n g  
p r i m a r i l y  non-parametric s t a t i s t i c a l  techniques. The r e s u l t s  i n d i c a t e  t h a t  
p roduc t i on  i s  h ighe r  w i t h i n  1300 fee t  of a low a l t i t u d e  photol ineament. There 
i s  no a s s o c i a t i o n  between t h e  o r i e n t a t i o n  o f  t h e  l ineament  and p r o d u c t i v i t y .  
Resu l ts  on pho to l  i neament d e n s i t y  a re  i nconcl u s i  ve. These r e s u l  t s  appear t o  
be confirmed by t h e  a n a l y s i s  o f  t h e  DuPont EL-836 Exp los i ve  t e s t s ,  which a l s o  
i n d i c a t e  a s t a t i s t i c a l l y  s i g n i f i c a n t  inc rease i n  open f low over  convent iona l  
shooting. 

' S t a f f  S c i e n t i s t ,  Science A p p l i c a t i o n s ,  Inc., Morgantown, WV 
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INTRODUCTION 

A previous study o f  produc t ion  of Devonian Shale gas wells re la t ive t o  
photolineament locations by Howard, et  a l .  (1979)  in Perry County, Kentucky 
showed t h a t  cumulative production of gas wells within 300 feet  of a low 
al t i tude (1 :24000) photol ineament i s  greater t h a n  the production of wells more 
t h a n  300 feet  from such a lineament. No significant effect  was found for  
intermediate a l t i tude (1:62500 and 1:250000) lineaments. 

Other studies re la t i  tig photolineaments t o  open flows of Devonian Shale gas 
wells have been reported. Werner (1977)  concluded t h a t  in Jackson, Wayne and 
Marion count ies ,  West V i r g i n i a ,  high f i n a l  open flows " a r e  apparent ly  
d i s t r i b u t e d  without regard t o  photol ineament loca t ion ."  However, t h i s  
conclusion i s  based only on a visual inspection of overlaying open flow maps 
O n  lineament maps. Jones and Rauch (1978), i n  a study of the Cottageville 
f ie ld  in Jackson County, found s t a t i s t i c a l l y  significant higher i n i t i a l  oopen flats in wells within 0.5 miles of short photolineaments bearing N60 w - 
N90 W ,  and also found higher i n i t i a l  open flows in areas of higher lineament 
density. 

Beebe (1979) extended the analysis of Jones and Rauch t o  portions of P u t n a m  
County, West Virginia. His s t a t i s t i ca l  analysis found significantly higher 
i n i t i a l  and final open flows fob  wells @thin 0.4 k m  (approximately 1300 f ee t )  
of Bhotolingaments oriented N60 W - N30 E, and also for wells in areas of high 
N60 W - N30 E photol ineanient density. 

The objectives of t h i s  study were t o :  

0 Determine i f  the resul ts  of Howard et  al .  were applicable t o  other 
areas. 

o Determine i f  the relationship found by Beebe could be extended t o  
production d a t a ,  as well as open flow d a t a .  

o Provide a s s i s t ance  in s e l e c t i n g  s i t e s  f o r  a comparison t e s t  of 
s tandard  "shooting" techniques and D u P o n t  EL 836 explosive, such t h a t  
the two groups would be equal 1 y favored by proxi mi t y  t o  1 i neaments. 

The next section gives de ta i l s  o f  d a t a  generation and methodology. Results 
are presented f i r s t  f o r  the relationship o f  lineaments t o  f inal  open flow, 
followed by an analysis of the relationship t o  production d a t a .  Hypotheses 
derived from these results were then further tested using d a t a  on wells 
dr i l led as p a r t  of a t e s t  o f  D u P o n t  El-836 explosive. These t e s t s  were 
performed as p a r t  of a contract with DOE on the Eastern Gas Shales Project 
(Contract No. DE-AC21-78MC11843). 
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METHODOLOGY 

1. Data Generation 

A lineament map (Figure 1)  based on aerial photography a t  scales of 1:32000 
and 1:86000 for the Bancroft and Elmwood quadrangles of P u t n a m  County, West 
Virginia was provided by Howard and Associates, Inc. 

Production d a t a  for 22 Devonian Shale gas wells was obtained and these wellls 
were plotted on the lineament map. Locations of additional wells in the area 
were obtained from work done by Beebe (1979).  Final open flow d a t a  was 
available for a l l  the wells. 

The distance and orientation of the nearest lineament t o  each well was 
measured (Table l ) ,  and contour  maps drawn of final open flow (Figure 2 ) ,  low 
al t i  tude (1  :32000)  p h o t o 1  i neament dens i ty  (F igure  3 )  , a n d  intermedi a t e  
a l t i tude (1:86000) photolineament density (Figure 4 ) .  The wells used in the 
t e s t  of the DuPon t  explosive were not included in th i s  phase of the study, 
since they had not yet been dr i l led.  (The well locations are shown i n  Figures 
1,  2 ,  and 3,  however) The photolineament density maps were obtained by 
covering the area with a square mile grid,  measuring the length within each 
grid square of the lineament type, then plotting the resultant value ( in  
miles/square mile) a t  the center of the square. 

2. S ta t i s t ica l  Oata Analysis 

The commonly used parametric t e s t s  ( I t '  t e s t  and IF' t e s t )  assume populations 
with a normal distribution and equal variances. Previous studies of Devonian 
Shale gas wells (Pulle and Seskus, 1980, Howard e t  al .  1979) indicate t h a t  the 
cumulative production follows a lognormal dis t r ibut ion,  and hence parametric 
t e s t s  can be used on the logarithm of production. 

The s t a t i s t i ca l  approach used in analyzing open flow d a t a  i s  non-parametric, 
i .e. ,  no assumptions abou t  the form or variance of the distributions of final 
open flow are made. Due t o  the lack of information on the dis t r ibut ion Of 
final open flow of Devonian Shale wells, i t  was not f e l t  t h a t  the use of 
parametric t e s t s  ( I t '  t e s t  and 'F '  t e s t )  were just i f ied.  The t e s t s  used were: 
the Mann-Whitney t e s t  (replacing the I t '  t e s t ) ,  which has an efficiency close 
t o  95% of the t - t e s t  for moderate sample sizes (Siegel, 1956);  the Kruskal- 
Wallis analysis of variance (replacing the ' F '  t e s t ) 2  which has a n  asymptotic 
efficiency of 95.5% compared t o  the F t e s t ;  and the X t e s t .  

A significance level of .O5 was used for a l l  the s t a t i s t i ca l  t es t s .  

3 



RELATIONSHIP GF LINEAMENTS TO FINAL OPEN FLaW 

1 18 

7 18 

N =8 N=36 

1. Orientation o f  Nearest Photolineament 

N=19 

N=25 

N=44 

The final open flows of wells within each of six 30' categories based on 
orientation of the nearest lineament, are shown in Figures 5 and C i ,  for low 
and intermediate a l t i tude p h o t o l  ineaments, respectively. 

The Kruskal-Wallis one-way ana lys i s  o f  variance was used t o  t e s t  the  
hypothesis t h a t  there i s  no difference in open flows as a function of the 
orientation o f  the nearest photol i neament a The probabi 1 i t y  of the observed 
values o f  the H s t a t i s t i c  calculated were 

p = 0.80 low al t i tude lineaments 

P = 0.11 intermediate a l t i tude lineaments 

I t  was thus concluded t h a t  there i s  no s t a t i s t i c a l l y  significant effect  of 
orientation of the nearest photolineament on final open flow. 

2. Distance o f  Nearest Photolineament 

The g raphs  of final open flow versus distance t o  the nearest lineament .are 
shown i n  Figures 7 a n d  8. Inspection of these graphs indicates no obvious 
breakpoint between high and low open flow wells. 

A )  The number o f  wells within 300 feet  of a lineament o f  ei ther  scale i s  
shown bel ow 

Intermediate Altitude 

(1 : 86000 Scal e )  

<300 >300 

(300 

Low Alt i tude 
(1 : 32000 Scale) 

>300 

The final open flows, and the median and mean values, are given f o r  each 
category in Table 2. 

The Kruskal-Wallis one-way ana lys i s  o f  variance was used t o  t e s t  t he  
hy othesis t h a t  there i s  no difference in the average final open flows between 
we Y 1s in the 4 categories above. 
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The probability associated w i t h  the d a t a  was p=0.40, t h u s  the hypothesis could 
not  be rejected. 

A Mann-Whitney t e s t  was then run comparing the final open flow of wells w ’ t h i n  
3 C O  feet  of an intermedratc scale lineament with open flows of wells greater 
than 300 fee t  from such a lineament. No s t a t i s t i c a l l y  s ignif icant  difference 
was observed (p=0.40) 

The Mann-Whitney t e s t  for low a l t i tude  lineaments gave s probability cf  pi-=,”;;. Although not  s t a t i s t i c a l l y  s ignif icant  (using a .O5 significance 
, the difference between t h t .  two groups ( l e s s  t h a n  300 fee t  - and  more - 

t h a n  - 300 feet  from a low a l t i tude  photolineament) i s  in the expected 
di reci  i on. 

E )  A similar analysis was then perfornied, b u t  using a distance Gf 0.4 krr: 
(approximately 1300 f e e t )  as the cutoff ,  as used by Beebe i n  his study of 
P u t n a m  County. The resu l t s  are summarized below, and the final O P ? ~  f l o w s  i n  
each category are given i n  

Low Al%itude 
i J. : 32CiOO Scal e )  

Table 3. 

I ntermedi a t e  A l  t i  tude 
{ 1 : 86060 Scal e 1 

<1300 i130cI 

r - r - 7 -  23 I N=32 

! I 
I 
l -+--. 
l 

Kruskal-Wallis t e s t  of overall sisnificance p=.5 
Mann-Whitney U t e s t  for. intermediate di t i tude lineaments 
Mann-Whitney U t e s t  for iow a l t i tude  ’li~eaments p=.O04 

I t  t h u s  dppears t h a t  the final ope!; C o w  of gas wells within 1300 fee t  of a 
low a l t i tude  photolineament -is higher t h a n  the f i E a l  open flow of wells more 
t h a n  1300 from such a lineamz:Ti. 

p=.14 

3. Photolineament Density 

TO determine if  there i s  2 relationskip between photolineament density and 
final open flows, an  orthogonal g r i d  with a 2000 foot spacing was constructed, 
and the open flows and photolineament density a t  each g r i d  intersection point 
were determined, as in Beebe (1974:. This technique eliminates the b i a s  t h a t  
i s  present i f  actual well loc?tfons are used, since successful well locations 
do not form a random sample o f  the area. 
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The number o f  p o i n t s  i n  va r ious  ca tegor ies  of open f l o w  and l ineament  d e n s i t y  
i s  g i v e n  i n  T a b l e  4 f o r  low a l t i t u d e  l i n e a m e n t s  and i n  T a b l e  5 fop  
i n te rmed ia te  a l t i t u d e  l ineaments. These t a b l e s  were analyzed us ing  t h e  X 
t e s t ,  and t h e  r e s u l t s  arc !  shown below. 

Low A l t i t u d e  Photol ineaments 
F i n a l  Open Flow ( M C t U )  

<zoo > 200 
<1 

Photo1 i neament 
Dens i t y  
(m i Ies /m i Ie  1 

>1 

<200 >zoo 

<200 >200 

X2 = 14.6 

p < 0.001 

S i  gn i  f i cant  

x2 = 12.5 

p <0.001 

S i  gn i  f i cant  

X = 0.003 

p = 0.5 

Not S i g n i f i c a n t  
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--. Intermediate Altitude Photolineaments 
Final Open Flow (MCFD) 

<zoo >zoo 
7 

__--- ~ 

1 

i p < 0.001 Photol i neament 
Density 

Significant (miIes/miIe ) I 
>1 j 46 

<2G@ >200 

<zoo >200 

* Final Open Flow (MCFD) 

>300 

<1 X2 = 1.37 

Photol i neament 
Density 
(miIes/mile 1 > l  Not S i  gni f i cant. 

p = 0.1 
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<300 >300 

<300 >300 

X2 = 2.06 

p = 0.07 

>3 Not S i g n i f i c a n t  

The above r e s u l t s  i n d i c a t e  s i g n i f i c a n t l y  h i g h e r  open f lows f o r  wells i n  areas 
o f  h i g h  d e n s i t y  o f  l o w  a l t i t u d e  p h o t o l i n e a m e n t s ,  b u t  - l o w  d e n s i t y  o f  
i n t e r m e d i a t e  a l t i t u d e  l ineaments.  

a 



RELATIONSHIP OF LINEAMENTS TO PRODUCTION 

Monthly production d a t a  ( for  3 t o  10 months) was available for  19  wells in the 
study area. The average daily production ( a )  during the f i r s t  three months 
( b )  f o r  the whole period available (variable from 3 t o  10 months), was 
calculated for each well (Table 6 ) .  The correlation between these two 
quantit ies was 0.98. I n  a l l  subsequent analyses, the average daily production 
during the f i r s t  three months was used. 

Of these 19 wells, f ive (863, 865, 867, 868, 871) were shot only in the black 
shale interval , the remaining fourteen being shot in bo th  the black and gray 
shales. The mean production of these f ive wells was 44 MCFD, compared t o  a 
mean of 68 MCFD for a l l  nineteen wells. 

This difference was not taken into account i n  the following analysis. Since 
four of the f ive wells were within 300 feet  of a low al t i tude photolineament, 
any significant results would become even more significant i f  t h i s  effect  was 
incorporated. There i s  no overall difference between these two groups of 
wells with respect t o  photolineament density, so any conclusions in th i s  area 
will not be affected. 

The correlation between th i s  production measure and final open flow was 0.85. 
The biggest difference in individual wells was well 865, which was ranked 1 7 t h  
on open flow, b u t  9 t h  on production. 

Histograms of production were plotted, b o t h  f o r  the actual production and for  
i t s  logarithm (Figures 9 and 10) .  These indicated a lognormal dis t r ibut ion,  
as has been found for cumulative production over longer time periods. 

1. Orientation of Nearest Photolineament 

For low al t i tude photolineaments, an analysis of variance on the logarithm of 
production was performed. The F-value was .148, with an  assoc ia ted  
probability under the null hypothesis of 0.9. 

For intermediate a l t i tude lineaments, a I t '  t e s t  was used, since all  b u t  two 
wells fe l l  into one of two classes. The probability for the observed ' t '  
value of 0.69 was 0.25. 

The above results indicate no significant effect  of orientation of the nearest 
photol i neament ( 1 ow or i ntermedi ate a1 t i  tude) on product i on , conf i rmi ng the 
resul ts  based on open flow d a t a .  

2. Distance t o  Nearest Photo1 ineament 

A * )  Based on a I t '  t e s t  of the means the production (80 MCFD) of wells 
within 300 feet  of a low-altitude photol ineament was significantly 
higher than  the mean (41 MCFD) of wells a t  a distance of more t h a n  300 
feet. The observed ' t '  value was 2.5, with probability P<.O1 of 
occurring by chance. 

There were no wells in th i s  samp 
i ntermedi a te  a1 t i  tude photol i neament. 

e less  t h a n  300 feet  from an 
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The open f low data  showed t h e  same t rend,  bu t  t h e  d i f f e r e n c e  between 
t h e  two groups was not  s t a t i s t i c a l l y  s i g n i f i c a n t .  

B o )  Since no w e l l s  were more than 1300 f e e t  f rom a l ineament o f  bo th  
scales,  a two-way a n a l y s i s  of var iance w i t h  study o f  i n t e r a c t i o n s  was 
n o t  poss ib le .  

DF SS MS F 
Mean 1 312.4 
Treatments 2 .967 .4a4 1.6 
E r r o r  16 4.74 .296 

Tota l  19 318.1 

A one-way a n a l y s i s  o f  var iance f o r  t h e  e f f e c t  on p r o d u c t i o n  o f  be ing  
w i t h i n  1300 f e e t  o f  l i n e a m e n t s  of each s c a l e  f o u n d  no o v e r a l l  
s i g n i f i c a n t  e f f e c t .  The a n a l y s i s  o f  var iance r e s u l t s  a r e  g iven below. 
The mean p r o d u c t i o n  o f  t h e  3 cases were: 

( a )  W i t h i n  1300 f e e t  o f  a l ineament o f  each scale:  

( b )  W i t h i n  1300 f e e t  o f  a l o w - a l t i t u d e  l ineament and more than 1300 

76 MCFD 

fee t  from an i n t e r m e d i a t e  a l t i t u d e  l ineament :  7 1  MCFD 

Prob>F 

.25 

( c )  More than 1300 feet  f rom a low a l t i t u d e  photol ineament,  and l e s s  
than 1300 f e e t  f rom an i n t e r m e d i a t e  l ineament :  35 MCFD 

These r e s u l t s  a l l  correspond w i t h  those obta ined us ing  f i n a l  open f low 
data. 

3. Photo1 i neament D e n s i t y  

Using t h e  same technique as f o r  open f l o w  data ( x 2  t e s t  on Z-waY 
frequency t a b l e  o f  photo1 ineament d e n s i t y  and average p r o d u c t i o n ) ,  b u t  
w i t h  a c t u a l  w e l l s  i n s t e a d  o f  i n t e r s e c t i o n  p o i n t s  on a g r i d ,  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  was f o u n d ,  f o r  e i t h e r  t y p e  O f  
l ineament.  The da ta  i s  shown i n  Table 7. 

Sumnarizing t h e  r e s u l t s  o f  t h e  prev ious s e c t i o n s  w i t h i n  t h e  area o f  Putnam 
County s t u d i e d  , 

1. There i s  no s i q n i f i c a n t  e f f e c t  o f  t h e  o r i e n t a t i o n  o f  Dhotol ineaments on 
t h e  f i n a l  o p e n - f l o w  o r  average d a i l y  p roduc t ion  of Devonian Shale gas 
we1 1 s. 
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2. The d i s tance  t o  t he  nearest  low a l t i t u d e  photol ineament has a s i g n i f i c a n t  
e f fec t  on bo th  open f l o w  and product ion.  F i n a l  open f l ows  are  h ighe r  f o r  
w e l l s  w i t h i n  1300 f e e t  of such a l ineament and p roduc t i on  i s  h igher  f o r  
we1 1 s w i t  h i  n 300 f e e t .  

3 -  Photol ineament d e n s i t y  appears t o  have an e f f e c t  on f i n a l  open f lows,  w i t h  
h i g h  l o w  a l t i t u d e  l i n e a m e n t  d e n s i t y ,  and l o w  i n t e r m e d i a t e  a l t i t u d e  
photol ineament dens i t y ,  be ing favorable.  

Based on a smal 1 e r  sample, no re1  a t  i onshi  p between photo1 i neament d e n s i t y  
and produc t ion  was found. 

11 



EXPERIMENTAL TEST OF THE EFFECT OF PHOTOLINEAMENTS 

As p a r t  of c o n t r a c t  DE-AC21-78MC11843 under t h e  Eastern Gas Shales P r o j e c t  
n i n e  w e l l s  were d r i l l e d  i n  Putnam County, WV, and t r e a t e d :  wi th  convent iona i  
s h o o t i n g  ( 3  w e l l s ) ;  a new DuPont e x p l o s i v e  EL-836 ( 5  w e l l s ) ;  and one 
under-reamed we1 1. 

The bas ic  data f o r  these w e l l s  on p r o x i m i t y  t o  l ineaments and f i n a l  open f low 
i s  g iven  i n  Table 8. F u l l  in fo rmat ion  on low a l t i t u d e  photol ineaments was 
a v a i l a b l e  f o r  5 o f  t h e  9 we l ls .  

A t e s t  of t h e  o v e r a l l  s i g n i f i c a n c e  o f  t h e  d i f fe rence between t h e  f i n a l  open 
f l o w s  o f  t h e  t h r e e  groups (convent iona l  , normal duPont , under-reamed duPont) 
us ing  t h e  Kruskal  - W a l l  i s  one-way a n a l y s i s  o f  var iance by ranks i n d i c a t e d  t h a t  
t h e r e  i s  a s i g n i f i c a n t  o v e r a l l  d i f f e r e n c e  (p<.Ol). 

Comparisons between t h e  3 convent ional  w e l l s  and t h e  5 w e l l s  s t i m u l a t e d  w i t h  
t h e  normal  s i z e  duPont  e x p l o s i v e  were per fo rmed u s i n g  b o t h  p a r a m e t r i c  
( ' t ' - t e s t  on l o g a r i t h m  o f  open f lows,  s ince  t h e  f i n a l  open f l o w s  appear a r e  
lognormal ly  d i s t r i b u t e d  i n  Putnam County) and non-parametr ic ( randomiza t ion  
t e s t )  t e s t s .  I n  bo th  cases, a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  was found. 

t = 2.60 p <.05 d f  = 4 

Randomization t e s t :  p <.05 

The prev ious  sec t ions  i n d i c a t e d  s i g n i f i c a n t l y  h i g h e r  open f lows 
( a )  f o r  w e l l s  w i t h i n  1300 f e e t  o f  a low a l t i t u d e  photol ineament 
( b )  i n  areas o f  h i g h  d e n s i t y  o f  low a l t i t u d e  photol ineaments 

Table 9 shows t h e  d i v i s i o n  o f  t h e  w e l l s  on t h e  bas is  o f  f a v o r a b l e  o r  
un favorab le  values o f  t h e  above two c r i t e r i a .  Both t rea tments  appear S i m i l a r  
on t h e  f i r s t  c r i t e r i o n  bu t  t h e  DuPont t rea tment  appears favored on t h e  b a s i s  
o f  l ineament densi ty .  However, t h e  bes t  w e l l  (DuPont under-reamed case) i s  
unfavorably  l o c a t e d  both on d i s t a n c e  and d e n s i t y  o f  l ineaments.  F igures  2, 3, 
and 4 i n d i c a t e  t h e  l o c a t i o n  of t h e  9 w e l l s  on t h e  l ineament d e n s i t y  and f i n a l  
open f l o w  contours.  

If t h e  8 w e l l s  ( e x c l u d i n g  t h e  under-reamed case) a re  assumed t o  be s i m i l a r  
t reatments,  then they  can be combined i n t o  one sample f o r  t e s t i n g  t h e  two 
c r i t e r i a  p r e v i o u s l y  developed f o r  p r e d i c t i n g  open f l o w s  ( d i s t a n c e  and d e n s i t y  
of low a l t i t u d e  photol ineaments).  The r e s u l t s  are:  
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W i t h i n  1300 Feet 

20 1 
192 

80 
91 

1 Median 142 

Greater  than 1300 Feet 

107 
41 

I 74 

Dens i ty  <2 i n i . / m i .  

I 

1 Dens i ty  >2 m i . / m i .  

201 
192 

91 

I Median 192 I 80 

These d i f f e r e n c e s ,  a l though l a r g e  and i n  t h e  expected d i r e c t i o n ,  a r e  n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t  ( u s i n g  t h e  randomizat ion t e s t ) :  However, t h e  sample 
s izes  are  ext remely smal l .  
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SUMMARY AND CONCLUSIONS 

1. There  i s  a s i g n i f i c a n t  a s s o c i a t i o n  between D e v o n i a n  S h a l e  gas 
p r o d u c t i v i t y  (bo th  average d a i l y  p roduc t i on  and f i n a l  open f l o w )  and t h e  
d i s tance  t o  t h e  nearest  l o w - a l t i t u d e  photol ineament.  

The average p roduc t i on  was found t o  be h igher  f o r  w e l l s  w i t h i n  300 fee t  
Of such l ineaments,  and t h e  f i n a l  open f lows were h ighe r  w i t h i n  1300 feet.  

2. There  i s  no a s s o c i a t i o n  between t h e  o r i e n t a t i o n  o f  t h e  n e a r e s t  
photo l  i neament and gas product  i v i  ty. 

* 

3. R e s u l t s  on photo l  i neament d e n s i t y  a re  i nconcl u s i  ve. S i  gn i  f i c a n t  e f f e c t s  
were found us ing  f i n a l  open f low,  bu t  no t  when average d a i l y  p roduc t i on  
was used. However, t h e  sample s i z e  f o r  p roduc t i on  (19) was much l e s s  
than t h a t  used f o r  open f l ows  ( 9 0 ) .  

4. These r e s u l t s  appear t o  be confirmed by t h e  a n a l y s i s  o f  t h e  n i n e  w e l l  
programs t e s t i n g  DuPont EL-836 explos ive.  EL-836 was found t o  g i v e  a 
s t a t i s t i c a l l y  s i g n i f i c a n t  inc rease i n  f i n a l  open f l o w  over convent iona l  
shoot i ng. 
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Table 1 - Distance and Orientation o f  Nearest Photolineaments 

Well No. 

538 

586 
604 
607 
6 18 

62 1 

629 

6 30 

632 

634 

635 

6 37 

641 
642 

647 
653 
808 

815 
82 4 

328 
829 
833 

36 1 
862 

863 

86 5 

866 

867 

863 

869 
870 

37 1 
873 

874 
275 _-___ __ - 

-ow Altitude Ph 

listance (feet) 

1000 

2 100 

0 
1100 

400 

720 
1300 

3130 

1800 

2000 

1300 

3800 

3300 
3100 

4200 
2700 

0 

890 
180 
500 
150 

1300 

1580 

259 
100 

200 
290 

290 

1489 

0 

200 
150 
2 50 
850 

0 - _. - - -_ -. _-. . 

Ql i neamen ts 

3ri en ta t i on 

N55'E 
N59'E 
N59'E 
N55'E 

N 18'W 
N55'E 
N55'E 

N55'E 

I4 18'W 

N 12OW 
N61°E 

NC3'E 
N16°14 
N73'E 
N61°E 
N6 1'E 

N 19OW 

N 16OW 
N18°W 
N56'E 
r459'E 

N63'E 
N53'E 
N 17':?5 

N17'W 

N62'E 

N31°E 
N27'W 

N37'E 

N42'E 
N37'E 
N61°E 

N61°E 
N55'E 
N27ON __-__--- 

Intermediate AI titude 
Phntalinean 

Distance (ft. 1 
100 
290 
GOO 

400 

350 
250 
200 

330 

0 

900 

2200 

910 

800 

120 
100 

590 

220 

730 
310 

1600 
2000 

430 
720 

GOO 

42 0 

1400 

4200 

1300 

500 

2600 

1150 
2 100 
1300 
1300 

3400 
_____I__- 

nts 
Orientation 

N40°W 
N4Z0E 
N18'W 
N47'E 

N4 l 0 W  

N18'W 
N47'E 
N42'E 

- 

N55OE 

N68'E 

N45'E 

N63'E 
N 18OL.J 

N33'E 
N42'E 
N 4.6 E 

pJ33OE 
N52'E 
N46'E 
P152'E 
N45'E 

N 6 7' E 

N67'E 

N40°W 
N44'E 

N42'E 

N52'E 

N52'E 

N43'E 

N34'E 
N 38OE 

rmOu 

~ 5 2 ~ ~  

N45O\d 

-- __ N53'YI 

Final Oper 
F1 ow 

211 
103 
60 

198 

73 

189 
246 

34 

207 

6 1  
231 

60 

57 
43 

273 
169 
179 

163 
329 

82 

350 
270 
155 

200 
155 

120 
340 

175 

120 

260 
39 5 

85 
255 
170 

- 

280- 
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Table 1 - Distance and Orientation o f  Nearest Photol  ineaments (Continued) 

- 

Well No. 

904 
910 

911 
92 1 
922 

92 3 

926 

927 

928 

-- 

intermediate A I  t i  tude 
.ow A1 titude Ph 

listance ( fee t )  

190 
520 

380 
2200 

310 

0 

200 

0 

120 

- 

to1 ineaments 

Iri enta t i  on 

N37'E 
N6'E 

N6'E 
N G ~ O E  

t.J21°W 

NG'E 

N70°E 

N72'E 

N49'E 

Photol im 

Iistance ( f t .  1 
87 0 

1180 

600 

450 
1200 

420 

1800 

1300 

310 

nts-_ 
Orientation 

W5OoW 
N53'W 

N33'E 
I4 50°\4 

N53'LJ 

M50°\d 

N60°W 

N53OW 

ri 6 oo w 

--____ 

Final Open 
F1 ow 

120 
200 

305 

192 
240 

350 

180 

130 

102 

-~ 

_-_ 
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Tab le  2 - F i n a l  Open Flow For  Wel ls  W i t h i n  And F u r t h e r  Than 300 Fee t  From 

A Lineament o f  E i t h e r  Sca le  

I n t e r m e d i a t e  A1 ti tude  

<300 Feet  >300 Fee t  

<300 Fee t  

Low 
A1 t i  tude  

>300 Feet  

179 

Mean = 179 

Median = 179 

21 1 
103 
246 
189 
273 
2 07 
43 

Mean = 182 

Median = 207 

200 395 180 
155 85 130 
120 255 102 
340 280 3 50 
175 120 329 
260 3 50 60 
Mean = 216 

Median = 190 

155 73 231 
120 82 61 
170 270 60 
192 84  57 
200 198 
305 163 
240 169 
Mean = 157 

Median = 166 
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Table 3 - Final  Open Flow For Wells W i t h i n  And Further Than 1300 Feet ( 0 . 4  km) 
From A Lineament O f  Either S c a l e  

200 350 189 
155 130 163 
175 102 179 
395 73 
255 329 
170 60 
120 21 1 
200 27 0 
305 198 
240 24 6 
Mean = 205 
Median = 198 

I n t e r m e d i a t e  A1 t i  tude 

120 
34 0 
260 

85 
280 
180 
3 50 
82 

231 

Mean = 214 
Median = 231 

<1300 
Feet 

Low 
A1 t i  t u d t  

>1300 
Feet 

155 169 
120 207 
192 61 
103 60 

84 57 
273 43 
Mean = 127 
Median = 1 1 2  
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Tab le  4 - Frequency of G r i d  P o i n t s  I n  Categor ies  Of F i n a l  Open Flow And 

Low A1 t i  tude  Photo1 i neament Densi ty 

Low 
A1 t i  tude  
Photo- 
1 i neament 
D e n s i t y  
( m i  1 e2/ 
m i l e  ) 

F i n a l  Open Flow (MCFD) 
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Table 5 - Frequency o f  G r i d  Po in ts  i n  Categor ies O f  F i n a l  Open Flow And 

In te rmed ia te  A1 t i  tude Photo1 i neament Densi ty 

F i n a l  Open Flow (MCFD) 

I n t e r -  
mediate 
A1 t i  tude 

1 i neament 
Dens i ty  
(milesj/ 
m i l e  ) 

Photo- 
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Table 6 - Average D a i l y  P roduc t i on  Data 

We1 1 
No. 

86 1 
862 
86 3 
86 5 
866 
867 
86 8 
86 9 
870 
87 1 
873 
875 
904 
910 
91 1 
921 
922 
923 
926 

F i n a l  Open 
F1 ow 
(MCFD) 

155 
200 
155 
120 
340 
175 
120 
260 
395 
85  
255 
280 
120 
200 
30 5 
192 
240 
350 
180 

Rank 

5.5 
10.5 

5.5 
3 

17  
7 
3 

14 
19 
1 

13 
15 
3 

10.5 
16 

9 
12  
18 
8 

Average 
D a i l y  
P roduc t i on  
3 Months 
(MCFD) 

42 
62 
49 
57 
98 
51 
29 
85  
181 
35 
109 
113 
28 
36 
65 
35 
38 
139 
36 

Average 
D a i l y  
P roduc t i on  
( A l l  Data) 

44 
56 
49 
52 
89 
51 
25 
66 
136 
33 
91 
105 
23 
31 
53 
33 
35 
116 
33 

Months 

10 
7 
3 

10 
8 
3 

10 
10 
10 

7 
7 
8 

10 
7 

10 
7 
4 
9 
4 

Rank 
3 Mo. 

- .- 

12 
9 

11 
15 
10 

2 
14 
19 

3.5 
16 
1 7  
1 
5.5 

13 
3.5 
7 

18 
5.5 

Rank 
A l l  Data 

8 
13 
9 

11 
15 
10 

2 
14 
19 

5 
16 
17 
1 
3 

12 
5 
7 

18 
5 
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Table 7 :  Average D a i l y  Produc t ion  (MCFD) o f  Wel ls 
i n  Var ious Photol ineament Classes 

c, 
t 
a, 

a, 
S 

J 

5 
at- 

0- 1 

1-2 

2+ 

1 Mean 

Lineament Dens i ty  ( 
0- 2 

139 

35 
109 

42 
62 
35 

70 

2-3 

113 

29 
181 

36 
65 

57 

80 

i / s q  m i )  
3+ 

98 
36 

51 
85 
28 
38 

49 

55 

Mean 

97 

66 

49 

68 
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Table 8:  Photol ineament  and Flow Data f o r  Test Wells 

( m i / m i z )  
We1 1 
No. 

Control : 
A32 
A44 
A52 
Du Pont : 
A24 
A2 5 
A31 
A45 
B15 
Under- 
Reamed : 
A26 

Nearest  ( f t )  

Low 

Densi (mi / m i  th - ) 

<1 
NA 
NA 

<1 
<1 
NA 
NA 

1-2 
NA 
N A 

800 
NA 
N A 

2300 
41 00 

150 
1600 

2-3 
'3 
NA 
NA 

2-3 <1 

7 - 2  

1200 

\1 t i  tude 
Dis tance  t o  
Neares t  ( f t )  

1-2 

400 
1400 

NA 

700 

800 
0 

31 00 
NA 

150 

Dis tance  t o  
Neares t  Low 
A1 t i  tude 
Photo1 i nea- 

Final  Open Flow ( M C F D )  

- ment ( f ee t )  Conventional Normal DuPont Under-Reamed DuPont 
4 3 0 0  a0 201 

192 

2400 

> 1300 

I n t e r m e d i a t e  A1 t i  t u d e  
Density I D is tance  t o  

91 
41 107 297 

NA 73 89 

Densi ty  of 
Low A1 t i  t u d e  
Photo- Final  Open Flow (MCFD) l ineaments  
>2 m i / m i *  201 

192 
91 II 

<2 mi/miz 80 297 
NA 41 107 

73 8 9  
I i 

Final  
Open 
F1 ow 

80 
41 
73  

201 
192 
107 

89 
91 

297 

T a b l e  9:  C a t e g o r i z a t i o n  o f  Test Wells 
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0 r -  3000 , 4000 a01 I 
FtCl 

F i g u r e  2 :  C o n t o u r  Map o f  F i n a l  Open Flow 
( M C F D )  
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/- 

I 

Legend 
C :  Shot Well 
U : EL-836 Under-Reamed 
T :  EL-836 

0 ,000 4 0 0 0  eo00 
r l .  

FE€ 

Figure 3 :  Contour Map o f  Densi ty  o f  Low A l t i t u d e  Photo l ineaments  
(Mil es/Yil e2) (1  :32000 scale  photography) 
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D T 

C :  Shot Well 
U : EL-836 Under-Reamed 
T: EL-836 

Figure 4 :  Contour Map o f  Density o f  Intermediate  Al t i t ude  
Photo1 i neaments (Mil es/Mil e*) (1  :86000 scal  e photography) 
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